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These days, there are an increasing number of electronic devices that use 
batteries as their energy source, often known as portable electronic devices. 
However, the battery may run out of energy and a recharging process is 
required to keep the electronic device functional. A charger that is in 
accordance with the battery specifications is required to complete the 
charging process. Incompatible chargers can overcharge batteries and 
shorten their lifetime. Since there are many different types of electronic 
devices, many different chargers are required, especially since most chargers 
on the market are static and can only be used with one kind of electronic 
device. This will increase the costs that customers must pay, especially those 
who have many types of electronic devices. As a result, this research will 
create a smart charger using the PSO algorithm that can be used to complete 
the charging process on all types of portable electronic devices. To test smart 
chargers, five different battery types from electronic devices with different 


specifications are used. From the test result, the smart charger can charge 
five different types of battery loads with various specifications with 100% 
accuracy at a speed that takes 50.4 seconds to reach a steady state. 
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1. INTRODUCTION 

The advancement of technology provides many advantages for humans, especially in terms of 
making work easier. One of these technological advancements is the increase of the variety of DC electronic 
devices that are already in use today. DC electronic devices, often known as portable electronic devices, are 
inseparable from human life and are widely used as personal to high-tech devices [1]. Because portable 
electronic devices have their own power source, a battery, they can be utilized anywhere and anytime. The 
battery's energy source is created when chemical energy is converted into electrical energy [2]. However, the 
energy in the battery can run out and to continue using the portable electronic device when the energy in the 
battery runs out, a charging process is required [3]. 

A charger that is appropriate to the battery's specifications must be used during the recharging 
process because an inappropriate charger could cause overcharging and damage to the battery [4], [5]. 
Unfortunately, the most of chargers that are now available on the market are static, means that each charger is 
only compatible with a specific kind of electronic device [5]. If you have a variety of DC electronic devices, 
it will require a lot of charges. This will increase the costs that customers must pay and seem inefficient. 

These problems can be solved by using a charger that is adaptable and flexible so that it can adjust 
to match the requirements of the connected battery load. This kind of charger will be able to prevent 
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overcharging during the charging process. Additionally, the requirement for a large number of chargers can 
be reduced when using DC electronic devices with various battery specifications. With a smart charger, 
various type of DC electrical devices can be recharged with just one charger. This becomes more efficient, 
especially for travelers who bring along many DC electrical devices, including as handphone, headlamp, 
camera, laptop, and other devices. Additionally, this charger might lower the costs that consumers must pay. 

A voltage regulator is required so that the output voltage can adjust in accordance with the 
connected load [6]. One of the many voltage regulators available is the DC-DC Converter. The duty cycle 
value that enters the switching component of the DC-DC Converter can be adjusted to change the output 
voltage value. A buck converter is one of the many types of DC-DC converters. By modifying the duty cycle 
value, it can reduce the voltage from a higher voltage to a lower voltage [7], [8]. The smart charger must be 
able to detect the load, identify the connected load type, produce an output value that matches to the load, and 
be able to maintain output stability in order to finish the charging process correctly [9]. To do this, a more 
complex special method that can carry out the load identification process more accurately is required [10]. 

In this study, a smart charger that can identify loads was created using the particle swarm 
optimization (PSO) algorithm, which represents the social behavior of a swarm of fish or birds looking for 
food [11], [12]. PSO will work to find the best solution while randomly assigning the particle's initial 
position [13]. The duty cycle value, which controls the buck converter's output voltage in the smart charger 
system, is used to implement the PSO algorithm's particles. The PSO algorithm will initially distribute the 
duty cycle value in order to quickly and accurately identify the connected load type. After the setpoint value 
required by the load is known, the PSO algorithm will continue looking for a solution by determining the 
duty cycle value that is most optimal given the setpoint value that the load requires. The optimal duty cycle in 
this issue is the duty cycle that allows the converter to produce its output voltage in accordance with the 
setpoint that the load requires. The optimal duty cycle value will be found, and this value will be kept 
constant to ensure that the buck converter's output is consistent and recharging works at a constant 
voltage. The method will prevent overcharging caused on the charging voltage that exceeds the load 
specifications [14], [15]. 

From all of the references mentioned, a smart charger system using a buck converter and the PSO 
algorithm was created for this research. This smart charger system can identify loads more quickly and 
correctly by using the PSO algorithm, and it can also adjust the buck converter to produce a consistent output 
according to the load requirements. In this research, five different battery loads with slightly different 
charging voltages were used to test the smart charger. The batteries include mosquito racket battery (2.8 V), 
headlamp (4.2 V), handphone (5 V), RC car battery (7.2 V), and camera battery (8.4 V). 


2. RESEARCH METHOD 

In this research, a smart charger system that can be used to recharge various battery types in portable 
electronic devices with various specifications will be created. Figure | shows the diagram of the blog system. 
Figure | explains the smart charger's process from the input side to the load at the output. The source used is 
a 12 V DC supply, which then enters the buck converter. The duty cycle value that is set using the PSO 
algorithm will determine the buck converter's output voltage. A current sensor and a voltage sensor are 
located at the buck converter's output and are used to monitor the current and voltage at the converter's 
output. In order to get the optimal duty cycle value, Particle Swarm Optimization will use the buck converter 
output current and voltage as reference values. On the other hand, the output side has a single output port that 
can be alternately used for a variety of loads. The load used in this research included five various types of 
batteries from portable DC electronic devices, each with various specifications and a charging voltage that 
was close to the value of each battery. These loads include mosquito racket battery, headlamp, handphone, 
RC car battery, and camera battery. 

Based on Figure 2, the smart charger process using the PSO algorithm entails detecting the presence 
of a load, determining the type of load, determining the setpoint value on the load, and charging the load with 
the appropriate charging voltage. The load detection process is used to determine if there is a connected load. 
A limit switch is used in this process as an indicator, when a load is connected, the limit switch will have a 
value of one, indicating that the system is on. The limit switch will be at zero when the load is disconnected 
or when there is no load connected to the output port, and the system will turn off automatically. This system 
has five load clusters: load cluster 1 is for mosquito racket battery, load cluster 2 is for headlamp, load 
cluster 3 is for handphone, load cluster 4 is for RC car battery, and load cluster 5 is for camera battery. After 
that, the PSO algorithm is used to carry out the identification process, spreading the initialization duty cycle 
values sequentially from cluster | to cluster 5. After then, it will be checked to see if there is a legible current 
value, which is assumed to be Io > 0.1 A. The load can be identified if the read current value is more than 
0.1 A, but if it is not, identification continues to the next load cluster and so on. When the load has been 
identified, the load's setpoint value can be determined using the load cluster. After that, the PSO algorithm 
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will continue looking for solutions to find the optimal duty cycle value and allow the buck converter to 
output a signal that is in accordance with the setpoint. In order to maintain a steady voltage during the 
charging process, this value will be maintained constant. 
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Figure 2. Flowchart system of smart charger 


2.1. Buck converter modeling 

In the industry, buck converter is a common type of DC-DC converter used to reduce the input 
voltage to a lower output voltage [16], [17]. The buck converter works as a step-down converter in the smart 
charger system to ensure that the output voltage value is in accordance with the load specifications. Figure 3 
shows the topology of the buck converter. 


Figure 3. Topology of buck converter [6] 
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There are two sections in the buck converter: a power part for converting voltage and a control 
section for turning the switch ON and OFF [18]. The switch is closed and the diode is reverse biased when 
the buck converter is in the ON state, as shown in Figure 4(a), allowing the inductor and capacitor to be 
connected to a voltage source. The switch is opened and the diode is forward biased when the buck converter 
is in the OFF state shown in Figure 4(b), isolating all of its components from the voltage source [19]. The 
equations below can be used to search through a number of parameters in the buck converter [6]. 


Ye = V, x D 
“a _ eee ge 

L= 7 x (Vsemax) 4) . os] . Ait ° 
_ G-D)xVo 

= 8 L f2AVo 7 


Where Vo: output voltage, Vin: input voltage, D: duty cycle, L: inductor, f: frequency, Vf: forward voltage, 
C: capacitor, Ai,;: ripple current, and AV;: ripple voltage. 


so V, Vy 


(b) 


Figure 4. Equivalent circuit for the state (a) ON and (b) OFF [6] 


In designing a buck converter, several parameter calculations are needed to calculate precisely 
because the parameters used can affect the output of the converter. Table 1 shows the parameters for the buck 
converter. A buck converter is created using these parameters, and its output is then tested using open loop 
testing. The duty cycle value was adjusted to produce output voltages of 2.8 V, 4.2 V, 5 V, 7.2 V, and 8.4 V 
during the testing of the buck converter utilizing five different load variations. These voltages' respective 
duty cycle values are 0.234, 0.35, 0.416, 0.6, and 0.7. Figure 5 shows the documentation for the open loop 
buck converter test. 


Table 1. Parameter of buck converter 


Parameter Value 
Input voltage (Vin) 12 Volt 
Output voltage (Vo) 8.4 Volt 
Ripple current (AiL) 20 % 
Ripple voltage (AVo) 0.01 % 
Frequency switching (fs) 40 kHz 
Inductor (L) 165 uH 
Capacitor (C) 2 nF 


The documentation of buck converter testing that was done in an open loop is shown in Figure 5. 
The buck converter output is connected to 5 different types of loads for the test, and the duty cycle value is 
adjusted in accordance with the calculations of each load. Duty cycles of 0.234 for mosquito racket load, 0.35 
for headlamp load, 0.416 for handphone load, 0.6 for RC car load, and 0.7 for camera load were used during 
testing. According to test results in steady state settings, the output value produced significantly differs from 
the target setpoint. The test results are shown in Table 2 for more details. 
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Figure 5. Open loop testing of buck converter 


Table 2 shows the results of the open loop buck converter test, where the five duty cycle values are 
varied according to the load. Based on the data, it can be seen that the average error value is a rather high 
5.25%, and the greatest error value is 8.81%. As a result, control is required for the smart charger system to 
be created to produce the correct buck converter output as the load charging voltage. 


Table 2. Buck converter test result data 


No Load Duty cycle (%) Vo Theory (V) Vo Testing (Vo) _ Error (%) 
1 Mosquito racket 23.4 2.8 2.74 2.14 
2 Headlamp 35 4.2 3.91 6.91 
3 Handphone 41.7 5 4.67 6.60 
4  RCcar 60 7.2 7.07 1.81 
5 Camera 70 8.4 7.66 8.81 
Average error 5.25 


2.2. Basic of PSO 

Particle swarm optimization is an optimization method inspired by the social behavior of a group of 
animals. Kennedy and Eberhart first proposed this method in 1995 [20]. By imitating the social behavior of 
flocks of birds or schools of fish in search of food, particle swarm optimization can be utilized to find 
solutions [21]. The PSO algorithm's solution is found by randomly selecting candidates from a population. 
Every population contains individuals or particles that have the potential to influence other particles, and 
every particle has two properties: position and velocity [22]. Each of these particles will move in a specific 
area and then, by continuously updating its position, determine the best position through which it should 
pass. In order for the other particles to change their location and speed based on the best position information 
they have received, each particle will transmit the best position information to the other particles [23]. Each 
particle position can be represented by the symbol x;, which refers to a point in a particular space-time 
dimension. While each particle updates its position at a speed known as velocity (@;). 

Figure 6 shows how the PSO algorithm works to identify the optimal solution by adjusting the particle 
positions [24]. The particle will move from its initial position, which is assumed to be x;*~1, to its next position, 
which is x;*. Iteration is symbolized by the k sign. The particle's movement from the first position to the second 
position will be influenced by the initial velocity value, which is assumed to be ip: Similarily, the particle's 
position will change from its initial x;* position to its final x;**? position depending on its velocity gr 
Particle x; will continue to move positions until it achieves the position that is both Pbest which represents for 
the best value for each particle and Gbest which represents for the best value in one population. The PSO will 
reach to a convergent condition and maintain the Gbest value when the Gbest value has been achieved. In the 
solution search process, a number of parameters, including inertia weight (w), learning factor (c,; and cz), and 
random variables (7, and r,) with values between 0 and 1, affect the velocity value of each moving particle 
position [25]. The particle swarm optimization method's equation is as follows [26]: 


jKt+1 = w.v;* + c1.r1(Pbhest; — x;*) + c2.r2(Gbest; — x;*) (4) 


S 
ll 


nets = x; + v,*tt (5) 
Where x;: particle position i, v;: particle velocity i, k: number of iterations, w: moment inertia, c, and c3: 


learning factor, 7, and r,: random variable, Pbest;: the best value of particle i, and Gbest;: the best value of 
population. 
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P, best,i 


k-l = Gest 
Figure 6. Particle moving for optimizing process [24] 


2.3. PSO for adaptive charger system 

The particle swarm optimization algorithm is used in the smart charger system to identify the load, 
determine the setpoint value for each connected load, and maintain a consistent charging voltage during the 
charging process. The duty cycle value that enters the buck converter determines the particles in the smart 
charger system, and this value also affects the system's output voltage value. The steps of the charging 
process on the smart charger system using the PSO algorithm are explained below. 


2.3.1. Duty cycle clustering 

In this research, five batteries from portable electronic devices with varying capacitance and 
charging voltage served as the load. To test the reliability of the system in identifying the load, a battery is 
used which has a charging voltage value with a small difference between one battery and another. Each load 
is placed in its own cluster. The duty cycle clustering, where each load cluster has a different voltage range, 
serves to ease the identification process. Given that the PSO algorithm searches for solutions at random, 
creating this loading cluster can also lower the chance that the load will suffer a charging voltage during 
identification that is more than the load's capacity. Data for each load and duty cycle clustering can be seen 
in Table 3. Table 3 shows that there are five duty cycle clustering consisting of five different types of battery 
loads with varying charging rates. The initial duty cycle value is also set in the 5 loading clusters, and the 
PSO algorithm will spread it later to identify the load. 


Table 3. Duty cycle clustering 


Cluster Load Setting point _ Duty cycle clustering 
1 Mosquito racket 2.8 V 0.05-0.3 
2 Headlamp 4.2V 0.05-0.4 
3 Handphone SV 0.05-0.5 
4 RC car 72V 0.05—0.6 
5 Camera 8.4 V 0.05—0.7 


2.3.2. Load identification 

The PSO algorithm spread the initial particle positions randomly during the process of identifying 
the load on the smart charger system, as long as they remain within each cluster's duty cycle range. From the 
first cluster to the fifth cluster, the identification process will be carried out in a sequential. The process of 
load identification is continued by monitoring the buck converter output current value after the first cluster 
duty cycle value has been distributed. The battery current will only appear during the charging process when 
the charging voltage supplied exceeds the nominal voltage of the battery, so the current value can be used as 
a reference in the process of determining the type of load that is connected. The identifying current in this 
research is considered to be 0.1 A. When the output current I, > 0.1 A and the duty cycle of the first cluster is 
spread, it can be assumed that the connected load is the load on the first cluster. But if no current is read, the 
PSO algorithm will spread the duty cycle value in the second cluster and so on until the load can be 
identified. Using the PSO algorithm speeds up the identification process since it may spread the duty cycle 
randomly. This will be more effective when the load used is more and more variations. 


2.3.3. Searching the optimal duty cycle 

When the load has been accurately identified, the system can use the load cluster to determine the 
setpoint voltage value that matches with the load. In order to determine the optimal duty cycle value, the PSO 
algorithm will keep moving the particle position. The optimal duty cycle value is the duty cycle value that 
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can provide a system output voltage in accordance with the setpoint value. The PSO will search for a duty 
cycle value that can produce a converter output voltage of 2.8 V when the connected load is a mosquito 
racket battery load, 4.2 V for headlamp load, 5 V for handphone load, 7.2 V for RC car battery load, and 
8.4 V for camera battery load. 

The (4) and (5) are used to update the speed value and duty cycle position, respectively. Until the 
optimal duty cycle value (Gbest) is found and the algorithm finally reaches a convergence condition, the 
speed value in the PSO algorithm will gradually drop. When the convergence condition is met, the duty cycle 
value will be constant and enter the buck converter. The charging process will proceed at a constant voltage 
because the buck converter will likewise create a constant output. The PSO algorithm on the smart charger 
system in this research used the following values for each parameter: i) Weight (w) = 0.5; 11) Cl = 0.8; 
iii) C2 = 0.8; and iv) The initial/initialization duty cycle corresponds to the loading cluster. 


3. RESULTS AND DISCUSSION 

The results of the smart charging system's implementation will be presented in this section. Five 
different loads with various specifications and various charging voltage values were used to test smart 
charger hardware using the PSO algorithm. Among some of the loads used are batteries for mosquito racket, 
which have a setpoint of 2.8 V, headlamp, which have a setpoint of 3.2 V, handphone, which have a setpoint 
of 5 V, RC car battery, which have a setpoint of 7.2 V, and a camera battery, which has a setpoint of 8.4 V. 

The initial condition of the system is no load, where the system will not detect a load and the system 
will stay off. When a load is connected, the limit switch will depress and turning the system on. The 
identification process is then carried out by sequentially applying the PSO algorithm to each cluster's 
initialization duty cycle value from the first cluster to the fifth cluster. The voltage value and the first current 
value that appear in a certain cluster are the parameters used in the load identification process so that it is 
possible to determine which load is currently connected, including which cluster. When identified, the 
setpoint value required by the load can be determined. The PSO algorithm will then keep monitoring the duty 
cycle until it finds an optimal duty cycle value that produces an output voltage value equal to the setpoint 
value. The duty cycle value will be changed repeatedly until the charging process is finished in order to 
maintain this output voltage value. 

In the smart charger hardware, there are several values that can be seen to monitor the charging 
process on the battery load. There are duty cycle values, voltage values, current values, and power values. 
The values of the current, and power will always change depending on the charging process at the battery 
load. Meanwhile, the duty cycle value and voltage value that initially change will be constant when the 
voltage value is in accordance with the setpoint. The documentation used to test the smart charger hardware 
using a battery load from a mosquito racket is shown in Figure 7. The battery used in the mosquito racket has 
a capacity of 2.4 V/700 mAh and a charging voltage of 2.8 V. The system output was then connected to the 
battery connector on the mosquito racket for the test. 


Figure 7. System implementation for charging mosquito racket battery 


To know that the charging process can run well, test data is collected using RS communication, and 
the data is presented using a graph. Figure 8 is a graph that represents the data retrieved from 240-second 
closed-loop hardware integration testing on a battery load for a mosquito racket. The graph shows that the 
voltage value fluctuates in the initial condition, indicating that the PSO algorithm is still identifying the load 
and attempting to determine the optimal duty cycle value. When the optimal duty cycle is found, the system's 
output voltage value will equal the setpoint value, where the needed output voltage value for the load in the 
form of a mosquito racket battery is 2.8 V. In testing using a mosquito racket battery load, it was seen that the 
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optimal duty cycle value was found at 18 seconds. This can be seen from the graph in Figure 8, where the 
system reaches a steady state with an output voltage value of 2.8 V in the 18th second. The system will 
continue the charging process at a constant voltage until the charging process is complete. The 
documentation used to test the smart charger hardware using a battery load from a headlamp is shown in 
Figure 9. The battery used in the headlamp has a capacity of 3.7 V/2200 mAh and a charging voltage of 
4.2 V. The system output was then connected to the battery connector on the headlamp for a test. 

To know that the charging process can run well, test data is collected using RS communication, and 
the data is presented using a graph. Figure 10 is a graph that represents the data retrieved from 240-second 
closed-loop hardware integration testing on a battery load for a headlamp. The graph shows that the voltage 
value fluctuates in the initial condition, indicating that the PSO algorithm is still identifying the load and 
attempting to determine the optimal duty cycle value. When the optimal duty cycle is found, the system's 
output voltage value will equal the setpoint value, where the needed output voltage value for the load in the 
form of a headlamp is 4.2 V. In testing using a headlamp battery load, it was seen that the optimal duty cycle 
value was found at 44 seconds. This can be seen from the graph in Figure 10, where the system reaches a 
steady state with an output voltage value of 4.2 V in the 44th second. The system will continue the charging 
process at a constant voltage until the charging process is complete. The documentation used to test the smart 
charger hardware using a battery load from a handphone is shown in Figure 11. The battery used in the 
handphone has a capacity of 3.8 V/2000 mAh and a charging voltage of 5 V. The system output was then 
connected to the battery connector on the handphone for the test. 
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racket battery headlamp 

44 

42 

4 
ec 

Brae 
2 

3 3.6 
> 

3.4 

3.2 


0 20 40 60 80 100 120 140 160 180 200 220 240 
Time (s) 


Figure 10. Graph of charging headlamp Figure 11. System implementation for charging 
handphone 


To know that the charging process can run well, test data is collected using RS communication, and 
the data is presented using a graph. Figure 12 is a graph that represents the data retrieved from 240-second 
closed-loop hardware integration testing on a battery load for a handphone. The graph shows that the voltage 
value fluctuates in the initial condition, indicating that the PSO algorithm is still identifying the load and 
attempting to determine the optimal duty cycle value. When the optimal duty cycle is found, the system's 
output voltage value will equal the setpoint value, where the needed output voltage value for the load in the 
form of a handphone is 5 V. In testing using a handphone as a load, it was seen that the optimal duty cycle 
value was found at 90 seconds. This can be seen from the graph in Figure 12, where the system reaches a 
steady state with an output voltage value of 5 V in the 90th second. The system will continue the charging 
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process at a constant voltage until the charging process is complete. The documentation used to test the smart 
charger hardware using a battery load from an RC car battery is shown in Figure 13. The battery used in the 
RC car has a capacity of 6 V/2200 mAh and a charging voltage of 7.2 V. The system output was then 
connected to the battery connector on the RC car battery for the test. 

To know that the charging process can run well, test data is collected using RS communication, and 
the data is presented using a graph. Figure 14 is a graph that represents the data retrieved from 240-second 
closed-loop hardware integration testing on a battery load for an RC car battery. The graph shows that the 
voltage value fluctuates in the initial condition, indicating that the PSO algorithm is still identifying the load 
and attempting to determine the optimal duty cycle value. When the optimal duty cycle is found, the system's 
output voltage value will equal the setpoint value, where the needed output voltage value for the load in the 
form of a RC car battery is 7.2 V. In testing using a RC car battery as a load, it was seen that the optimal duty 
cycle value was found at 52 seconds. This can be seen from the graph in Figure 14, where the system reaches 
a steady state with an output voltage value of 7.2 V in the 52th second. The system will continue the charging 
process at a constant voltage until the charging process is complete. The documentation used to test the smart 
charger hardware using a battery load from a camera is shown in Figure 15. The battery used in the camera 
has a capacity of 7.2 V/1120 mAh and a charging voltage of 8.4 V. The system output was then connected to 
the battery connector on the camera for the test. 

To know that the charging process can run well, test data is collected using RS communication, and 
the data is presented using a graph. Figure 16 is a graph that represents the data retrieved from 240-second 
closed-loop hardware integration testing on a battery load for a camera. The graph shows that the voltage 
value fluctuates in the initial condition, indicating that the PSO algorithm is still identifying the load and 
attempting to determine the optimal duty cycle value. When the optimal duty cycle is found, the system's 
output voltage value will equal the setpoint value, where the needed output voltage value for the load in the 
form of a camera battery is 8.4 V. In testing using a camera battery load, it was seen that the optimal duty 
cycle value was found at 48 seconds. This can be seen from the graph in Figure 16, where the system reaches 
a steady state with an output voltage value of 8.4 V in the 48th second. The system will continue the charging 
process at a constant voltage until the charging process is complete. 

Table 4 shows that the smart charger system is working successfully, as shown by the system's 
ability to correctly identify the connected load and supply the appropriate charging voltage value. The smart 
charger test results show that the system can correctly give an output that matches the setpoint without any 
errors, although each load takes a varied period of time to reach steady state conditions. 
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Figure 12. Graph of charging handphone Figure 13. System implementation for charging RC car battery 
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Figure 14. Graph of charging RC car battery Figure 15. System implementation for charging camera battery 
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Figure 16. Graph of charging camera battery 


Table 4. The result of output voltage response 


Load Setting Point (V) _ Vout Testing (V) _ Steady State Time (s) _ Error (%) 
Mosquito racket 2.8 2.8 18 0 
Headlamp 4.2 4.2 44 0 
Handphone 5 5.0 90 0 
RC car 7.2 7.2 52 0 
Camera 8.4 8.4 48 0 
Average steady state time and error 50.4 0 


4. CONCLUSION 

Based on the results of the tests that have been carried out, it can be seen that the smart charger 
system using the PSO algorithm can run well. The reliability of the smart charger system was tested using 
five kinds of battery loads from portable electronic devices that have different capacities. From the results of 
the tests, it can be concluded that the system can carry out the load detection process, identify the type of 
connected load, determine the setpoint value that matches the connected load and can maintain output 
stability during the charging process. The smart charger system produces an output voltage that is accurate 
and without any error values. Meanwhile, it takes just 50.4 seconds for the smart charger system to reach a 
steady state condition at the setpoint value. 
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